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@ Rexible circuit board. 

@ A flexible circuit board including a Hexible 
substrate having an insulating pol/imide sheet 
and a wiring pattern formed in a mounting 
portion and a wiring pattern portion fom:ied in a 
connecting portion, and a metal substrate on 
which only the nrxjunting portion of the flexible 
substrate is secured by means of a thennoplas- 
tic polyimide film. Electronic devices are moun- 
ted on the mounting portion of the flexible 
substrate and heat generated by the electric 
devices can be effectively dissipated through 
the metal substrate. The connecting portion of 
the flexible substrate can be connected to an 
external circuit by means of a connector pro- 
vided at an edge of the connecting portion. 
Since the connecting portton is not secured to 
the metal substrate, connector pins having a 
large mechanical strength can be used and the 
connecting portion can be bent at will. 
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The present Invention relates to a flexible circuit 
board, and more particularly to a flexible circuit board 
comprising a flexible insulating sheet and a nnetai sub- 
strate on which said insulating sheet is applied by 
means of a themioplastic polyimide layer. $ 

Recently, it has been required to dissipate effec- 
tively heat generated from electronic or electric 
devices provided on a printed circuit boarcf in accord* 
ance with increase in the number of electronic devices 
and use of high power semiconductor devices. There* io 
fore, in case of mounting high power semiconductor 
devices at a high density or in a hybrid IC. it has been 
proposed to use a substrate nnade of ceramics. In 
order to connect the semiconductor elements and 
devices mounted on the print circuit board to an exter- is 
nal circuit, there have been widely used connector 
pins of such a type that the print circuit board is clanv 
ped by the pins at its peripheral portion from front and 
rear surfaces. Such connector pins have a large 
mechanical strengh and could hardly be damaged 20 
even if an external force is applied thereto, so that it 
is possible to attain a very high reliability in the elec- 
trical connection. 

The packing density of the print circuit board and 
the power of semiconductor devices have become 25 
higher and higher, and a substrate made of metal has 
been used in the print circuit board, the heat dissipat- 
ing property of the metal substrate being superior to 
that of the ceramic substrate. In Japanese Patent 
Application Laid-open Publication Kokal Sho 61- 30 
22699 and Japanese Patent Publication Nos. 2- 
24394, 2-24395 and 2-25779. there have been 
proposed several known flexible circuit board using 
the metal substrate. 

In the known flexible circuit board including the 35 
metal substrate, the metal substrate is exposed on the 
rear surface, and thus when the above mentioned 
connector pins of such a type that the flexible circuit 
board is damped by the connector pins from front and 
rear surfaces are used, alt the connector pins would 40 
be short-circuited by means of the metal substrate, so 
that such connector pins having a large mechanical 
strength could not be utaized. In the known flexible cir- 
cuit board, there have been used surface mounting 
type pins. 45 

Fig. 1 is a cross sectional view showing an 
example of the known flexible circuit board in which 
the surface mounting type pins are used. On a metal 
substrate 1 a flexible substrate 3 is secured by means 
of an adhesive layer 2. The flexible substrate 3 com- 50 
prises a flexible insulating sheet 4 and a wiring pattern 
5 having a predetermined configuration and formed 
on one surface of the metal sheet An edge of the wir- 
ing pattern 5 is retarded inwardly from an edge of the 
flexible substrate 3 so that a distance between the 55 
metal pattern 5 and the metal substrate 1 measured 
along the surface of the flexible circuit board can be 
increased. On a surface of the wiring pattem 5 near 



its edge, a tip of a pin 6 is secured by soldering. In the 
known flexible circuit board including the metal sub- 
strate, the metal substrate 1 and the flexible substrate 
3 is secured to each other by means of the adhesive 
agent layer such as an epoxy type adhesive agent 
Such an epoxy type adhesive agent has a problem of 
heat resistance and the flexible circuit board might be 
pealed off the metal substrate 1 during the wire bond- 
ing for connecting bear semiconductor chips to the 
wiring pattem 5 or during the usage of the flexible cir- 
cuit board under a high temperature. In order to 
remove such a drawback, in Japanese Patent Appli- 
cation Lakl-Open Publication Kokai Sho 61-226995, 
it has been proposed to adhere the flexible circuit sub- 
strate to the metal substrate by means of a thermop- 
lastic polyimide film which has a self-adhesive 
property. 

Fig. 2 is a cross-sectional view illustrating another 
example of the known flexible circuit board having the 
metal substrate. In this example, a tip of a pin 6 is 
extended along a surface of a wiring pattem 5 of a 
flexible substrate 3 which is secured to a metal sut>- 
strate 1 by means of an adhesive layer 2, and Is con- 
nected to the wiring pattem 5 by soldering. 

In the known flexible circuit board, the pin of the 
surface mounting type is connected to the surface of 
the wiring pattem by soldering. During the mounting 
operation of the electronic devices such as chip 
devices and semiconductor bear chips onto the flexi- 
ble circuit board or after the mounting operation, when 
the external force is applied to the pin, the flexitHe sub- 
strate might be pealed off the metal substrate and the 
reliablllity of tiie connection is lost In the known flexi- 
ble circuit board shown in Fig. 2, since the pin is con- 
nected to the wiring pattem over a relatively long 
length so that the concentration of the external force 
is mitigated. But in this case, the distance between the 
pin and the metal substrate measured along the sur- 
face becomes short and the pins might be short-cir- 
cuited via the metal substrate. 

Moreover, in the known flexible circuit board hav- 
ing the metal substrate, the metal substrate and flexi- 
ble substrate have the same configuration and are 
adhered to each other over their entire surfaces. 
Therefore, the freedom in bending is limited by the 
metal substrate and the application of the flexible cir- 
cuit board is restricted. Further, the known flexible cir- 
cuit board is connected to an extemal circuit by means 
of the surface mounting type pins, and thus a plurality 
of flexible circuit boards could not be easily stacked 
one on the other to form a laminated unit body. 

A prefen^ed embodiment of the present invention 
may provide a novel and useful flexible circuit board 
in which the above mentionned drawbacks of the 
known flexible circuit board can be avoided, the highly 
reliable electrical connection can be obtained, the 
freedom in bending can be attained and the lami- 
nation is possible even though the metal substrate 
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having an excellent heat dissipating property is used. 

According to the invention, a flexible circuit board 
comprises: 

a metal substrate having a surface; 
at least one flexible substrate including a flexi- 5 
ble Insulating sheet, a first wring pattern portion for- 
med on a part of the insulating sheet which constitutes 
a mounting portion for mounting electric devices on 
the flexible circuit board* and a second wiring pattern 
portion formed on the remaining portion of said io 
insulating sheet which constitutes at least one con- 
necting portion for connecting the flexible circuit board 
to an extemal circuit and 

at least one insulating thennoplastic resin film 
having a self-adhesive property and inserted between is 
said mounting portion of the flexible susbstrate and 
said surface of the metal substrate. 

In the fexible circuit board according to the inven- 
tion, the electronic device mounting portion of the 
flexible substrate may be secured to the metal sub- 20 
strate having an excellent heat dissipating property, 
and tiierefore heat generated by electronic devices 
provided on the mounting portion can be effectively 
dissipated via the metal substrate and the electronic 
devices can be protected against the overtieaL Thus. 25 
a large number of electronic devices including high 
power semiconductor elements can be mounted on 
the flexible circuit board at a high packing density. 

By having the connecting portton of the flexible 
substrate not connected to the metal substrate, it is 30 
possible to use the connector pins having the large 
mechanical strength to increase the reliability In the 
electrical connection, and tiie freedom in bending can 
be attained and thus the flexible circuit board embody- 
ing the invention can be used in wide applications. 35 

Desirably, the flexible substrate is divided into the 
mounting portion and the connecting portion and only 
the mounting portion is secured to the metal sub- 
strate, so that when a plurality of flexible circuit boards 
are laminated to form a single body, the connecting 40 
portions can be extended independently from one 
another and the connection to extemal circuits can be 
effected easily. In this case, a plurality of connecting 
portions may be extended in the same direction or in 
different directions in accordance with particular 45 
applications. 

The present invention also relates to a method of 
manufacturing a flexible circuit board having a metal 
substrate and has for its object to provide a novel and 
useful method of manufacturing the above mentioned so 
novel flexible circuit board in a simple manner. 

According to the invention, a method of manufac- 
turing a flexible circuit board having a metal substrate, 
a flexible substrate which includes a flexible insulating 
sheet, a first wiring pattern portion fonned on a part of 55 
the insulating sheet which constitutes a mounting por- 
tion for mounting at least one electric devices, and a 
second wiring pattern portion formed on the remaining 



portion of said insulating sheet which constitutes a 
connecting portion for connecting the flexible circuit 
board to an extemal circuit, and an insulating ther- 
moplastic resin f3m having a self-adhesive property 
and an^nged between said mounting portion of the 
flexible substrate and said metal substrate, compris- 
ing the steps oh 

providing an insulating sheet on a surface of a 
metal foO; 

selectively etching the metal foil in accordance 
with a desired pattern to form said flexible substrate 
having said first wiring pattern in the mounting portion 
and the second wiring pattem portion in the connect- 
ing portion; 

stacking said flexible substrate on tiie metal 
substrate such ttiat only said mounting portion is 
placed on the metal substrate by interposing the 
insulating thermoplastic resin film therebetween; and 

pressing and heating an assembly of said flexi- 
ble substrate and metal substrate to secure said 
mounting portion of the flexible substrate to said metal 
substrate by means of said insulating thermoplastic 
resin film. 

According to further aspect of the invention, a 
method of manufacturing a flexible circuit board hav- 
ing a metal substrate, a flexible substrate which 
includes a flexible insulating sheet, a first wiring pat- 
tern portion fonned on a part of the insulating sheet 
which constitutes a mounting portion for mounting at 
least one electric devices, and a second wiring pattem 
portion formed on the remaining portion of said 
insulating sheet which constitutes a connecting por- 
tion for connecting the flexible circuit board to an 
extemal circuit, and an insulating thermoplastic resin 
film having a self-adhesive property and arranged be- 
tween said mounting portion of the flexible substrate 
and said metal substrate, comprising the steps of: 

providing and insulating sheet on a surface of 
a metal foil; 

stacking said insulating sheet on the metal 
substrate such that only said mounting portion of the 
flexible substrate is placed on the metal substrate by 
interposing the insulating thermoplastic resin film 
therebetween; and 

pressing and heating an assembly of said 
insulating sheet witii the metal foil and metal substrate 
to secure said mounting portion of the flexible sub- 
strate to said metal substrate by means of said 
insulating thermoplastic resin film; and 

selectively etching the metal foil in accordance 
with a desired pattem to form said first wiring pattem 
in the mounting portion and the second wiring pattem 
portion in the connecting portion. 

For a better understanding of the invention, refer- 
ence is taken to the accompanying drawings, n 
which: 

Fig. 1 is a cross sectional view showing a first 
example of the known flexible circuit board having 
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the metal $ubstrate; 

Fig. 2 is cross sectional view illustrating another 
example of the known flexible circuit board; 
Figs. 3A and 36 are cross sectional and plan 
views, respectively depicting a first embodiment 5 
of the flexible circuit board according to the inven- 
tion; 

Fig. 4 is a perpective view showing the condition 
of connecting the flexible circuit board shown in 
Figs. 3A and 3B to an external circuit io 
Fig. 5 is a perspective view illustrating a second 
embodiment of the flexible circuit board accord- 
ing to the invention; 

Fig. 6 is a cross sectional view depicting a third 
embodiment of the flexible circuit board accord- f 5 

ing to the invention; 

Fig. 7 is a perspective view illustrating a fourth 
embodiment of the flexible circuit board accord- 
ing to the invention; 

Figs. 8A to 8D are cross sectional views repre- 20 
senting successive steps for manufacturing the 
flexible circuit board according to the invention; 
Figs. 9A to 9C are cross sectional views illustrat- 
ing successive steps for manufacturing the flexi- 
ble circuit t>oard according to the invention; 25 
Figs. 10A to 10D are cross sectional views depi- 
cting successive steps for manufacturing the 
flexible circuit board according to the invention; 
and 

Figs. 1 1 A to 11 D are cross sectional views show- so 

ing successive steps of manufacturing the flexible 

circuit board according to the invention. 

Figs. SA and SB are cross sectional and plan 
views, respectively showing a first embodiment of the 
flextt)le circuit board according to the invention. The 35 
flexit)ie circuit board of the present embodiment com- 
prises a flexible substrate 1 1 and a metal substrate 
1 2. The flexible substrate 11 is divided into a mounting 
portion 11a for mounting, electric devices such as 
semiconductor chips (bear chips) 13a and chip 40 
devices 13b thereon and a connecting portion 1 1 b for 
connecting the flexible circuit board to an extemal cir- 
cuit According to the invention, only the mounting 
portion 11a of the flexible substrate 11 is secured to 
the metal substrate 12 by means of a thermoplastic 45 
polyimide layer 14. The thermoplastic polyimide layer 
14 used in this embodiment is preferably formed by 
resin including imide construction within skeleton and 
having a glass transition temperature not lower than 
1 60**C and not higher than 300**C. When use is made so 
of a resin having the glass transition temperature 
lower than ISO^'C. thereliability under a high tempera- 
ture becomes low and when a resin having the glass 
transition temperature higher than 300°C is used, the 
adhesive force becomes weak. Since the themnoplas- 55 
tic polyimide layer 14 has a self-adhesive property, it 
is possible to adhere the flexible substrate 11 to the 
metal substrate 12 easDy by heating them at a tem- 



perature above the glass transition temperature with 
the aid of heat press or heat laminate roll without 
using any other adhesive agenl In the present embo- 
dimentt the metal substrate 12 is made of copper, but 
it may be made of iron, aluminium, alumite. stainless 
steel, silicon steel, molybdenum, 42 alloy and nickel 
silver. 

The flexible substrate 11 comprises an insulating 
sheet 1 5 made of polyimide resin and a wiring pattem 
having a given configuration. The wiring pattem is for- 
med by selectively etching a copper foO applied on the 
insulating sheet 15. The wiring pattem is divided into 
a first wiring pattem portion 16a formed in the mount- 
ing portion 11a and a second wiring pattem portion 
16b formed in the connecting portion lib. The first 
wiring pattem portion 16a and the semiconductor 
bear chips 13a are connected by means of bonding 
wires 17a, and the second wiring pattem portion 16a 
and the chip devices 13b are connected by solderings 
17b. The second wiring pattem portion 16b formed in 
the connecting portion lib is extended up to an edge 
of the connecting portion. A plurality of conductors of 
the wiring pattem are aligned at a given pitch along 
the edge of the connecting portion lib of the flexible 
substrate 11. 

In order to connect the portion of wiring pattem 
16b extending to the edge of the connecting portion 

I lb of the flexible substrate 1 1 to an external circuit, 
a connector 16 is provided at the edge of the flexible 
substrate 11 as shown in Fig. 3 A. For the sake of sim- 
plicity, the connector 1 8 is not shown in Fig. 3B. The 
connector 1 8 comprises connector pins 1 8a of such 
a type that the flexible substrate 11 is clamped by the 
pin from front and rear surfaces thereof, and an 
insulating housing 18b. In this manner, according to 
the present invention, although the connector pins 
18a having a very strong mechanical strength are 
used, they are not short-circuited to each other, and 
further a distance between the pins and the metal sub- 
strate 12 can be made long, because the metal sub- 
strate is not existent in the connecting portion 1 lb. In 
this manner, the reliability of the electrical connection 
can be improved. Moreover, the connecting portion 

I I b of the flexible substrate 1 1 can be bent freely and 
thus the freedom for an*anging the flexible circuit 
board relative to the extemal circuits can t>e 
increased. It should be noted that according to the 
invention, the second wring pattem portion 16b may 
be connected to the connector pins 1 8a by utilizing 
one of known various connecting modes. Further, the 
conductors of the second wiring pattem portion 1 6b at 
the edge of the connecting portion lib may be sol- 
dered to conductors of a wiring pattem of an extemal 
flexible circuit board without using connector pins. 

In one method of manufacturing the above men- * 
tioned flexible circuit board according to the invention, 
after the polyimide sheet 15 has been directly applied 
on a copper foil, the copper foil is selectively etched 



SNSOOCIO: <EP 0490S30A2J,» 



7 



EP 0 490 530 A2 



6 



to form the first and second wiring pattern portions 
16a and 16b having the desired configuration. Then, 
the thermoplastic pdyamide fBm 14 is formed by 
applying polyamic acid to a surface of the meta) sut>- 
strate 12 and heating to conduct the imidization. Fin- 
ally the mounting portbn 11a of the flexible substrate 
1 1 is placed on the metal substrate 12 and is heated 
under pressure. In this manner, the mounting portion 
11a of the flexible substrate 11 can be firmly and 
easily secured to the metal substrate 12. 

In another method of manufacturing the flexible 
circuit board according to the invention, after the 
pdyimide sheet 15 has been directly formed on one 
surface of a copper fo9 and the copper foil has been 
selectively etched to form the first and second wiring 
pattem portions 16a and 16b. the thermoplastic 
polyimide film 14 is applied on a surface of the 
pdyimide sheet 15 which is opposite to a surface on 
which the wiring pattem has been formed. Then, only 
the mounting portion 11a of the flexible substrate 11 
is brought into contact with the meta) substrate 12 
while the thermoplastic polyimide film is interposed 
between the polyimide sheet 15 and the metal sub- 
strate 12. Finally, the assembly is heated at a tenv 
perature higher than the glass transition temperature 
of the thermoplastic polyimide f3m 14 under pressure 
to adhere the flexible substrate 11 to the metal sut>- 
strate 12. In this method, the thenmoplasttc polyimide 
film 14 may be applied on a surface of the mounting 
portion 11a of the flexible substrate 11 instead of on 
a whole surface thereof. Further, the first and second 
wiring pattem portions 16a and 16b may be covered 
with an insulating and flexible resist ink or a coverlay 
film except for portions at which the electronic devices 
are mounted on the flexible substrate 1 1 and a portion 
at which the connector is provided. 

Fig. 4 is a perspective view showing a condition 
in which the flexible circuit board according to the 
invention is connected to an extemai circuit board 20 
by means of the connector 18 which is provided along 
the edge of the connecting portion 11b of the flexible 
substrate 11. the connecting portion being extended 
from the mounting portion 11a which is secured to the 
metal substrate 12 by means of the themnopiastic 
polyimide film 14. The connecting portion 11b can be 
positively secured to the extemai circuit board 20 by 
inserting the connector pins 18a of the connector 18 
into through holes fomned in the extemai circuit board. 

Fig. 5 is a perspective view Blustrating a second 
embodiment of the flexible circuit board according to 
the invention. In the present embodiment, a flexible 
substrate 1 1 comprises a single mounting portion 1 la 
for mounting electronic devices such as semiconduc- 
tor chips 1 3a and chip devices 13b, and four connect- 
ing portions 11c, 11d,11eand11f which extend from 
the rectangular mounting portion 1 1a in four mutually 
orthogonal directions. A polyimide sheet 15 of the 
flexible substrate 11 is secured to a metal substrate 



12 by means of a thennoplastic polyimide film 14. At 
edges of the connecting portions 11c. lid. 11e and 
1 1f there are provided connectors similar to the con- 
nector 1 8 shown in Fig, 3A, but in Fig. 5 these connec- 

5 tors are not shown for the sake of simplicity. In the 
present embodirrtent the- total numtDer of conductors 
of the second wiring pattem portions 16b can be 
increased or the number of conductors of each of the 
second wiring pattem portions can be reduced. 

10 Fig. 6 is a cross sectional view showing a third 
embodiment of the flexible circuit board according to 
the invention. In the present embodiment, three flexi- 
ble substrates 1 1 -1 . 1 1-2 and 1 1-3 are stacked one on 
the other such that mounting portions of these flexible 

IS substrates are placed on a metal substrate 12. The 
mounting portion of the lowest flexible substrate 11-1 
is secured to the metal substrate 12 by means of a 
thennoplastic polyimide film 14. The construction of 
the flexible substrate 11-1 to 11-3 is similar to each 

20 other and each flexible substrate comprises a first 
polyimide sheet 15 having a thennoplastic polyimide 
flim 1 4 applied on its one surface, first and second wir- 
ing pattem portions 16a and 16b formed on the other 
surface of the polyimide sheet 15, a second thermop- 

25 tastic polyimide film 21 applied on the wiring pattem 
portions, and a second polyimide sheet 22 applied on 
the second thermoplastic polyimide film 21. The con- 
figuration of the first and second wiring pattem por- 
tions 16a and 16b of the flexible substrates 11-1 to 

30 11-3 differ from each other. In order to connect the wir- 
ing patterns of different flexible substrates 1 1-1 to 1 1- 
3 to each other, the wiring patterns are connected to 
each other through via holes. Electronic devices 13a 
and 13b are mounted on the mounting portion of the 

35 uppennost flexible substrate 11-3. 

Connecting portions 11b-1. 11b-2 and 11k>-3 of 
the flexible substrates 11-1, 11-2 and 11-3 are not 
laminated each other and are extended indepen- 
dently from each other. The construction of these con- 

40 necting portions 1 1 b-1 to 1 1b-3 is simQar to each other 
except for the configuration of the second wiring pat- 
tem portions 16b. In each of the connecting portions 
11t>-1 to 11b-3, the second thenmoplastic polyimide 
film 21 and second polyimide sheet 22 are not exten- 

45 ded up to the edge of the connecting portion so that 
conductors of the wiring pattem portion 16b are exp- 
osed at the edge portion. 

Fig. 7 is a perspective view depicting a fourth 
embodiment of the flexible circuit board according to 

so the present invention. In the third embodiment shown 
in Fig. 6, the connecting portions 11b-1 to 11b-3of the 
flexible substrates 11-1 to 11-3 are extended from the 
mounting portions in the same direction. In the pre- 
sent embodiment each of connecting portions 11 b-1 

55 to 1 1 b-3 is extended fi-om each of three sides of rec- 
tangular mounting portions. This construction Is par- 
ticulariy suitable for connecting the flexible circuit 
board to different external circuits. In second ther- 



9 



EP 0 490 530 A2 



10 



moplastic film 21 and second potyimide sheet 22 of 
the uppermost flexible substrate 11-3 there are for- 
med windows for mounting electronic devices. 

According to the invention, the electronic devices 
may be mounted not only on the uppermost flexible 5 
substrate 11-3, but also may be mounted within the 
lower flexible substrates 11-1 and 11-2. In this case, 
after one or more electronic devices have been moun- 
ted on the first wiring pattern portion 1 6a of the lower 
flexible substrate, the second poiyimide sheet 22 is io 
applied via the second ttiermopiastic poiyimide film 21 
having a large thickness such that the electronic 
devices are embedded within the second thermoplas- 
tic poiyimide film. Further the wiring patterns of the 
flexible substrates 1 1-1 to 1 1-3 are connected to each is 
other by means of via holes. In this case, the elec- 
tronic devices embedded in the lower flexible subs- 
trates 11-1 and 11-2 are preferably thin and have 
good heat resistance. 

Furthemore. according to the invention, wiring 20 
patterns may be provided on opposite surfaces of and 
insulating sheet such as the polyinnide sheet to form 
a flexible substrate, and then a mounting portion of 
such a flexible substrate may be secured to a metal 
substrate by means of an insulating thermoplastic 25 
resin film such as the thermoplastic poiyimide film. 

Now several methods of manufacturing the flexi- 
ble circuit board shown in Figs. 3A and 3B w3l be exp- 
lained. 

As illustrated in Fig. 8A, on one surface of a cop- 30 
per foil 31 having a thickness of 9 to 200 micron 
meters is applied a poiyimide sheet 32 having a tick- 
ness of several micron meters to several hundred 
micron meters which is formed by a casting method. 
On a surface of this poiyimide sheet 32 is applied a 35 
thermoplastic poiyimide film 33 having a tickness of 1 
to 20 micron meters. 

Then, the copper foil 31 is selectively etched in 
accordance with a desired pattern to form simul- 
taneously frst and second wiring pattern portions 31 a 4o 
and 31 b as shown in Fig. 8B. In this case, the first and 
second wiring pattern portions 31a and 31b are for- 
med such that they are located in mounting and con- 
necting portions 34a and 34b. respectively. 

Next, as illustrated in Fig. 8C. a flexible resist ink 45 
or coverlay sheet 35 having a ticlcness of 20 to 200 
micron meters is formed on the wiring pattern portions 
31a and 31b by applying a thermoplastic poiyimide 
layer. In Figs. 3 and 4 such a coveriay sheet 35 is not 
shown. It should be noted that the coverlay sheet 35 so 
is not formed at portions at which the electronic 
devices are to be mounted and at a portion at whidi 
the connector is to be provided. 

Finally, the mounting portion 34a of the flexible 
circuit board is placed on a metal substrate 36 having 55 
a tickness of 0.05 to 4 mm as shown in Fig. 8D. Then, 
an assembly of the flexible substrate and the metal 
substrate is pressed, while it is heated at a tempera- 



ture which is higher than a glass transition tempera- 
ture of the thermoplastic poiyimide film 33 to form the 
flexible circuit board according to the invention. In the 
present embodiment the poiyimide sheet 32 is 
directly applied to the copper foil 31, but a thennop- 
iastic poiyimide fOm having a tickness of 1 to 20 
micron meters may be interposed therebetween. 

Figs. 9A to 9C depict another embodiment of the 
method of manufacturing the flexible circuit board 
according to the invention. In the present embodi- 
ment, after the potyimide sheet 32 and thermoplastic 
poiyimide film 33 have been applied on the copper foil 
31 as shown in Fig. 8A, a mounting portion 34a is sec- 
ured to the metal substrate 36 by the heat press as 
shown in Fig. 9A. During this step, a back-up block 38 
having the same thickness as the metal substrate 36 
is placed underneath a connecting portion 34b. How- 
ever, the copper foil 31 and poiyimide sheet 32 are not 
secured to the back-up block 38. 

Then, the copper fo9 31 is selectively etched to 
form simultaneously a first wiring pattern portion 31a 
in the mounting portion 34a and a second wiring pat- 
tem portton 31 b in the connecting portion 34b as fllus- 
trated in Fig. 9B. 

Finally, the coveriy sheet 35 is fomied on the flexi- 
ble substrate 34 as shown in Fig. 9C. After all the 
necessary steps have been done, the back-up block 
38 is removed. 

Figs. 10A to 10D represent still another embodi- 
ment of the method of manufacturing the flexible cir- 
cuit board according to the invention. In the present 
embodimenL As illustrated in Fig. 10A, on a surface 
of a copper foil 31 is secured a poiyimide sheet 32 by 
means of a themioplastic poiyimide film 37 by the heat 
press or heat laminating roller. Then, the copper foil 
31 is selectively etched to fonm simultaneously a wir- 
ing pattern portion 31a in a mounting portion 34 a and 
a wiring portion 31b in a connecting portton 34b as 
illustrated in Fig. 10B. 

At the same time, a metal substrate 36 having a 
themioptastic poiyimide film 33 applied thereon is 
prepared. Then, the mounting portion 34a of the flexi- 
ble substrate is placed on the metal substrate 36 via 
the thermoplastic poiyimide film 33 and an assembly 
is secured to each other by the heat press. 
In an aitemate embodiment the poiyimide sheet 32 
may be directly formed on the copper foil 31 and a 
coveriay sheet may be provided on the copper foH 
after the wiring patten portions 31a and 31b have 
been formed. 

Figs. 11A to 11D show still another embodiment 
of the method of manufacturing the flexible circuit 
board according to the invention. In the present embo- 
diment, as shown in Fig. 11 A, an seemly of a copper 
foil 31 and a poiyimide sheet 32 applied on one sur- 
face of the copper foil and an assembly of a metal sub- 
strate 36 and a thermoplastic poiyimide film 33 
applied on one surface of the metal substrate are 
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prepared. Then, these assemblies are stacked one on 
the other, while a back-up block 38 Is used as shown 
in Fig. 11b. In this case, a mounting portion 34a is 
placed on the metal substrate 36 and a connecting 
portion 34b is placed on the back-up block 36. Then, 
the assemblies are adhered with each other by the 
heat press. 

Next, the copper foil 31 is selectively etched to 
form a first wiring pattem portion 31a in the mounting 
portion 34a and a second wiring pattem portion 31b 
in the connecting portion 34b as shown in Fig. 11D. 
Finally, a covertay sheet 35 is applied on the copper 
fo8 31 except for portions at which electric devices 
and the connector are to be provided. 

The present invention is not limited to the above 
mentioned embodiments, but many modifications and 
alternations may be conceived by those skilled in the 
art within the scope of the invention. For instance, in 
the above embodiments, the insulating sheet of the 
flexible substrate is made of polyimide, but it may be 
made of liquid crystal polymer having a high glass 
transition temperature of polyether ether ketone resin. 
Further, in the above explained embodiments, the 
mounting portion of the flexible substrate and the 
metal substrate are adhered with each other by 
means of the insulating thermoplastic resin made of 
thermoplastic polyimide resin, but the insulating ther- 
mopiastic resbi film may be made of liquid crystal 
polymer having a low glass transition temperature, 
polyether sulfonamide resin, polyether ether ketone 
resin, poiyamide-lmide resin, polyamide resin, 
polyparabanic acid resin and polyacetat resin. 

Moreover, in the above embodiments, one or 
more mounting portions of flexible substrates are sec- 
ured to only one surface of the metal substrate, but 
onto respective surfaces of the metal substrate, one 
or more nrK)unting portions of flexible substrates may 
be secured. In this case, connecting portions of these 
flexible substrates may be extended in the same 
direction or in different directions. 

Further, after the electronic devices have been 
mounted on the flexible circuit board, a polyimide 
sheet may be applied on the the flexible circuit board 
by means of a thermoplastic polyimide film. 

As explained above in detail, in the flexible circuit 
board according to the invention, only the mounting 
portion of the flexible substrate is secured to the metal 
substrate, it is possible to use the connector pins hav- 
ing a high mechanical strengh, to that the reliablility of 
the electrical connection can be improved, although 
the metal substrate having the good heat dissipating 
property Is used. Further the connecting portion of the 
flexible substrate is not secured to the metal sub- 
strate, and thus the connecting portion can be bent at 
will. Therefore, the freedom in an-anging the flexible 
circuit board can be increased and the its application 
is widened. Moreover, the connector pins are not pro- 
vided on the mounting portion of the flexible substrate, 



so that a plurality of flexible substrates can be eastbly 
stacked one another to form a laminated unit body. In 
this case, the connecting portions of the flexible sut>- 
strates can be extended from the laminated mounting 
5 portions in any desired directions, and therefore the 
freedom in arranging the external circuits may be also 
increased. 



10 Claims 

1. A flexible circuit board comprising: a metal sub- 
strate having a surface; at least one flexible sub- 
strate including a flexible insulating sheet, a first 

IS • wiring pattem portion formed on a part of the 
insulating sheet which constitutes a mounting 
portion for mounting electric devices on the flexi- 
ble circuit board, and a second wiring pattem p>or- 
tion formed on the remaining portion of said 

20 insulating sheet which constitutes at least one 
connecting portion for connecting the flexible cir- 
cuit board to an extemal circuit; and 

at least one insulating themnoplastic resin 
film having a self-adhesive property and inserted 

25 between said mounting portion of the flexible sub- 

strate and said surface of the metal substrate. 

2. A flexible circuit board according to claim 1 , whe- 
rein said insulating thermoplastic resin film is pro- 
do vided exdustveiy on said surface of the metal. 

substrate. 

3. A flexible circuit board according to claim 1, whe- 
rein said insulating thermoplastic resin film is pro- 

35 vided on a whole surface of said insulating sheet 

which is opposite to a surface on which said first 
and second wiring pattem portions are formed. 

4. A flexible circuit board according to claim 1 . 2 or 
40 3 wherein said flexible substrate further com- 
prises a second insulating thermoplastic film pro- 
vided between said sheet and said frst and 
second wiring pattem portbns. 

45 5. A flexible circuit board according to any preceding 
claim wherein said flexible substrate comprises a 
plurality of connecting portions which are exten- 
ded separately from each other from said mount- 
ing portion of the flexible substrate. 

50 

6. A flexible circuit board according to claim 5, whe- 
rein said plurality of connecting portions are 
extended in the same direction viewed in a direc- 
tion perpendicular to a plane of the flexible circuit 

55 boanj. 

7. A flexible circuit board acconding to claim 5. whe- 
rein said plurality of connecting portions are 
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extended in different directions viewed in a direc- 
tions perpendicular to a plane of the flexible cir- 
cuit board. 

8. A flexible circuit board according to daim 5, 6 or 5 
7 wherein the first wiring pattern portions of said 
plurality of flexible substrates are eiectricaliy con- 
nected to each other by means of via holes. 

9. A flexible circuit board according to any preceding io 
daim wherein said insulating sheet of the flexible 
substrate is made of material selected from 
poiyimide resin« liquid crystal polymer and 
polyether ether ketone resin. 

IS 

1 0. A flexible circuit board according to any preceding 
daim wherein said insulating thermoplastic resin 
film is made of material selected from thennoplas- 
tic poiyimide resin, liquid crystal polymer, 
polyether sulfonamide resin, polyether ether 20 
ketone resin, polyanrrideHmlde resin, polyamide 
resin, polyparabanic acid resin and polyacetal 
resin. 

11. A flexible circuit board according to any preceding 25 
daim wherein said flexible substrate further con> 
prises an insulting protection film applied on said 

first and second wiring pattern portions except for 
portions at which the electronic devices and a 
connector are to be provided. so 

1 2. A flexible circuit board according to any preceding 
daim wherein said metal sybstrate is fomned by 
a metal sheet having a thickness of 0.05 to 4nrvn, 

said insulating sheet is formed by a poiyimide 35 
resin sheet having a thickness of several micron 
meters to several hundred micron meters, said 
first and second wiring pattern portions are for- 
med by selectively etching a copper foil having a 
thickness of 9 to 200 micron meters, and said 4o 
insulating thermoplastic resin film is formed by a 
• thermoplastic poiyimide film having a thickness of 
1 to 20 micron meters. 

1 3. A flexible circuit board according to any preceding 4S 
daim wherein siaid metal substrate is made of ma- 
terial selected from copper, iron, aluminium, alu- 
mite, stainless steel. sDicon steel; molybdenum. 

42 alloy and nickel silver. 

so 

14. A method of manufacturing a flexible circuit board 
having a metal substrate, a flexible substrate 
which mdudes a flexible insulating sheet, a first 
wiring pattern portion formed on a part of the 
insulating sheet which constitutes a mounting 55 
portion for mounting at least one electric device, 

and a second wiring pattem portion formed on the 
remaining portion of said insulating sheet which 



constitutes a connecting portion for connecting 
the flexible circuit board to an external circuit, and 
an insulating thennoplastic resin flim having a 
self-adhesive property and arranged between 
said mounting portion of the flexible substrate and 
said metal substrate, comprising the steps of: 

providing an insulating sheet on a surface 
of a metal foil; 

selectively etching the metal foil in accord- 
ance with a desired pattem to fonm said flexible 
substrate having said first wiring patten in the 
mounting portion and the second wiring pattem 
portion in the connecting portion; 

stacking said flexible substrate on the 
metal substrate such that only said mounting por- 
tion is placed on the metal substrate by interpos- 
ing the insulating thermoplastic resin film 
therebetween; and 

pressing and heating an assembly of said 
flexible substrate and metal substrate to secure 
said mounting portion of the flexible substrate to 
said metal substrate by means of said insulating 
thermoplastic resin film. 

15. A method of manufacturing a flexible circuit board 
having a metal substrate, a flexible substrate 
which indudes a flexible insulating sheet, first wir- 
ing pattem portion formed on the part of the 
insulating sheet which constitutes a mounting 
portion for mounting at least one electric devices, 
and a second wiring pattem portion formed on the 
remaining portion of said insulating sheet which 
constitutes a connecting portion for connecting 
the flexible circuit board to an externa! circuit, and 
an insulating thermoplastic resin film having a 
self-adhesive property and arranged between 
said mounting portion of the flexible substrate and 
said metal substrate, comprising the steps of: 

providing an insulating sheet on a surface 
of a metal foil; 

stacking said insulating sheet on the metal 
substrate such that only said mounting portion of 
the flexible substrate is placed on the metal sub- 
strate by interposing the insulating thermoplastic 
resin film therebetween; and 

pressing and heating an assembly of said 
insulating sheet with the metal foil and metal sub- 
strate to secure said mounting portion of the flexi- 
ble substrate to said metal substrate by means of 
said insulating thermoplastic resin film; and 

selectively etching the metal foil in accord- 
ance with a desired pattem to form said first wiring 
pattem in the mounting portion and the second 
wiring pattem portion in the connecting portion. 

16. A metiiod according to daim 14 or 15 wherein 
prior to stacking the flexible substrate on the 
metal substrate, said insulating thermoplastic 
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resin film is applied on a surface of said insulating 
sheet which is opposite to the surface on which 
said nnetal foil is provided. 

17. A method according to claim 14 or 15 wherein 
prior to stacking the flexible substrate on the 
metal substrate, said insulating thennoplastic 
resin film is applied on the surface of said metal 
. sut>strate. 



20. A method according to any of daims 14-1 8, whe- 
rein said pressing and heating is carried out by a 
heat laminating roll. 
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18. A method according to any of claims 14-17 whe- 
rein at least during pressing and heating said 
assembly, a back-up block having the same thick- 
ness as that of the nnetal subtrate is placed under 

the connecting portion of the flexible substrate. is 

1 9. A method according to any of daims 14-1 8, whe- 
rein said pressing and hearing is carried out by a 
heat press. 



20 



25 



30 



35 



40 



45 



SO 



55 



EP 0 490 530 A2 



FIG. I 

PRIOR ART 
6 




FIG^2 

PRIOR ART 




I 2 



10 



BNSDOCIO: <EP_0«gaS3QA2.l.> 



EP 0 490 530 A2 



FIG. 3 A 



I la 



lib 



/6a 13b .17b' f° '7^ i6a 13b 



i 





17b 



/5A 




7 



/5 



5 



/4 



18 18b '^^ 



FIG.3B 



13a 



17b 



13b 



J 




17a' ^fiSr' 




1 1 \ T 

17b 13b I6a 13a at 17b 




16b 



I la 



lib 



11 



EP 0 490 530 A2 




12 



BNSDC3CID:'<EP 049053QA2 t > 



EP 0 490 530 A2 



FIG.5 



16b 



17a I3a^ 



13b 




// 12 



16b 



13 



EP 0 490 530 A2 




BNSOOCIO: <EP O49OS30A2 I > 



14 



BP 0 490 530 A2 



F/G.7 




//b'2 



15 



EP0490 530 A2 



31 

FIG.8A ^^^^3-3^ 

33 



FIG.8B 
FIG.8C 

FIG.8D 




16 



EP 0 490 530 A2 



FIG. 9 A 



FIG.9B 



FIG.9C 



34a 34b 



31 37 

—I L 




17 



EP 0 490 530 A2 



FIG. 10 A 



31 



V / V /V '/ V A 
32 37 



FIGJOB 



34a 



34t> 



31a 31b 



r 

32 



FIG. IOC 



33 




FIG. 10 D 



34a 



34b 

31a 37 




38 



33 36 



18 



EP 0 490 530 A2 



FIGJ I A 



31 



32 




FIGJ IB 




33 36 



FIG.IIC 



FIGJ ID 



34a 



31a 



34b 
31b 



7 





-'32 



38 



33 36 



31a 




31b 



19 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appUcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ faded TEXT OR DEWING 



/ □ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




BLURRED OR ILLEGIBLE TEXT OR DRAWING 



